The aim of this study was to determine and compare the digestion kinetics of two fibre sources (lucerne, maize stalk) in different segments of the digestive tract of geese. Sixty Jilin nongan white geese were divided into two groups and fed with a lucerne or maize stalk diet. After 30 days of feeding, all of the geese were fed with Co-EDTA as the marker of liquid digesta, and n-alkane was used as an internal marker. At 1.0 h, 2.0 h, 3.0 h, 4.0 h and 5.0 h after Co-EDTA was fed, five geese per treatment per time period were sacrificed by cervical dislocation. Content of the glandular stomach, gizzard, duodenum, jejunum, ileum, caecum and rectum were collected for the evaluation of the parameters of digestion kinetics. The results showed that digestion kinetics of fibre in geese fed with a lucerne diet is consistent with that of a maize stalk diet. Within the digestive tract, digesta flow was the highest in the jejunum, and the slowest in the gizzard. Mean retention time of the digesta was the longest in the gizzard and duodenum. The digestibility of NDF, ADF and HC was the highest in duodenum, gizzard and duodenum and caecum respectively. Collectively, these findings suggest that the gizzard and duodenum might play important roles in the digestion of crude fibre in geese.
Introduction
In recent years much interest has been devoted to the study of exploiting roughage resource. The key to utilizing roughages is digestion and absorption of the fibrous matter. The goose, a herbivorous poultry, is capable of utilizing a large amount of fibre. Natural and cultivated pastures, therefore, represent substantial food resources for the goose. In order to utilize roughage resource efficiently, the mechanism for digesting fibre in the goose should be known. However, until now, the mechanism is not fully understood.
The movement of feed through the digestive tract of animals is a dynamic process. The digestibility of nutrients is affected by many factors such as digesta flow and mean retention time (MRT), which are important parameters of digestion kinetics. The study of digestion kinetics is often used in animal nutrition, which can reflect movement rules and the characteristics of feed in the digestive tract.
Presently, cobalt (Co-EDTA) and n-alkanes are some of the most used markers in the study of digestion kinetics. Mayes & Lamb (1984) first suggested the use of n-alkanes as markers in animal feeding studies. The n-alkanes are naturally found in the cuticular wax of plants. They have a strong affinity for solid digesta and a high recovery rate can be obtained. The advantage of n-alkanes over traditional marker substances is that there is no need for marker preparation. Recently, n-alkanes have been used in studies on digestibility, diet intake, food selection and digesta kinetics in mammals and birds (Dove & Mayes, 1996; Hameleers et al., 1996; Hatt et al., 1998; 2001; Stevens et al., 2002) .
Little quantitative information is available on the digestion of fibre in the different segments of the digestive tract of the goose. The aim of this study was to determine and compare the digestion kinetics of two fibre sources, lucerne and maize stalk, in geese using an n-alkane as internal marker of the solid phase of the digesta and Co-EDTA as the marker of the liquid phase of the digesta. (NRC, 1994) . It is equal to the sum of the product of the metabolizable energy and the percentages of each ingredient in the diet. NDF -neutral detergent fibre; ADF -acid detergent fibre; HC -hemicelluloses. NDF -neutral detergent fibre; ADF -acid detergent fibre; HC -hemicelluloses.
Sixty healthy female and male Jilin nongan white geese (five wk old) roughly of the same weight were divided into two groups of 30 according to a completely randomized design. One group was fed diet containing the lucerne, and the other the diet with the maize stalk. The geese were housed at the farming base of Jilin Agricultural University. The birds were fed three times daily and had free access to water. Ethical approval for the study was obtained from the Ethical Committee at Jilin Agricultural University, China. After a feeding period of 30 days, the geese received 0.2 g Co-EDTA/bird through the diet, and nalkane (C 29 ) was used as an internal marker. At 1.0 h, 2.0 h, 3.0 h, 4.0 h and 5.0 h after marker administration five geese per treatment at each time period were sacrificed by cervical dislocation. The content of the glandular stomach, gizzard, duodenum, jejunum, ileum and rectum were collected. These samples were frozen at -20 °C for 48 h, and subsequently freeze-dried to a constant mass for the determination of marker concentrationat each time point. The samples collected at 5 h after marker administration were also used to determine the digestibility of the fibre fractions in the different segments of the digestive tract.
The preparation of Co-EDTA, the marker of liquid digesta, was done according to Uden (1980) . The alkane, C 29 , was used as the marker of solid digesta and digestibility. The concentration of n-alkanes was determined using gas chromatography (HP 5890 Series II), according to the method reported by Mayes et al. (1986) , with C 34 as an external analytical standard.
One gram of digesta was weighed into a 50 mL serum bottle. Then 0.5 mg external standard (C 34 ) and 10 mL ethanolic KOH (1.5 mol/L) were added to the bottle. The bottle was then capped and heated for 4.5 h at 90 °C in a heating oven. After cooling to 50 -60 °C, the solution in the bottle was mixed with 7 mL of nheptane and 5 mL of deionized water. The supernatant was transferred to a test tube after being centrifuged for 5 min (2000 r/min). The final solution was filtered and purified by 2 g of silica gel, and the tube was washed repeatedly with 10 mL of n-heptane, where-upon the solution was evaporated to dryness. Finally, the purified n-alkanes were dissolved with 1 mL of n-heptane and the solution was loaded onto a gas chromatograph for the determination of the concentration of the n-alkanes. Where: C (mg/kg) is the marker concentration at the time of sampling; C 0 is the marker concentration of digesta in each digestive tract at zero time; k is the digesta flow rate (%/h); t is the sampling time after marker administration. 3. MRT = 1/k k is the digesta flow rate (%/h). 4. The flow of fibre fractions (NDF, ADF and HC) of digesta in the different segments of digestive tracts was calculated with the following equation: Q (NDF, ADF, HC) = G * Q Where:
Q (NDF, ADF, HC) is the flow of fibre fraction (NDF, ADF, HC); G is the concentration of the fibre fraction (NDF, ADF, HC) in the digesta; Q is the digesta flow in different segments of digestive tract. 5. Digestibility (%) was calculated using the following equation:
Digestibility (%) =100-100* bc/ad Where:
a is the content of nutrient in feed; b is the content of nutrient in digesta; c is the content of marker in feed; d is the content of marker in digesta.
Results
The results of the digesta flow and digesta flow rate in the digestive tract are shown in Table 3 . For the two diets, the digesta flow was the highest in the jejunum (P <0.05) and the lowest in the gizzard. The liquid digesta flow was higher than that of solid digesta in different segments of the digestive tract. The digesta flow for lucerne diet was higher than that of maize stalk diet in the same segments of the digestive tract (P <0.05). The results of MRT of digesta in the digestive tract of the geese are presented in Figure 1 . The MRT of digesta was higher for the gizzard and duodenum than the other segments of the digestive tract. In the lucerne diet group, the MRT of solid digesta in the gizzard and duodenum was higher than that in other segments of the digestive tract (P <0.05), while in the maize stalk diet group, it did not differ (P >0.05). For the two diets, MRT of liquid digesta in gizzard was significantly higher than that in other segments of the digestive tract. The MRT of digesta in different segments of the digestive tract in the lucerne diet group was higher than that in the maize stalk diet group (P <0.05).
The results of digesta flow of the fibre fraction in the different segments of the digestive tract are presented in Table 4 . In the lucerne diet group, digesta flow of NDF in duodenum and jejunum was higher than that in the lower digestive tract (P <0.05), while there was no difference in the maize stalk diet group (P >0.05). Digesta flow of ADF in the gizzard was higher than that in the other segments of the digestive tract, but the difference was not significant. For the two diets, the digesta flow of HC in the caecum was higher than that in the jejunum, ileum and rectum (P <0.05).
The results of digestibility of NDF, ADF and HC in different segments of digestive tracts are shown in Figure 2 . The digestibility of NDF and ADF in the lucerne diet group was higher than those in the maize stalk diet group. The digestibility of NDF in duodenum and jejunum was higher than that in the other South African Journal of Animal Science 2010, 40 (1) © South African Society for Animal Science 74 segments of the digestive tract (P <0.05). The digestibility of ADF in gizzard and duodenum was higher than that in the other segments of the digestive tract (P <0.05), and the digestibility of HC was highest in caecum. 
Discussion
The flow rate of roughage in the gastrointestinal tracts of animals varies because roughages contain different level of fibres. In the present study on two fibre sources, liquid digesta flow in the different segments of the digestive tract of the geese was higher than solid digesta flow. Lucerne, as a high quality forage crop contains much soluble substances than maize stalk. Therefore the proportion of liquid digesta in the gastrointestinal tracts of animals was higher for lucerne than that for maize stalk diets. Consequently, solid and liquid digesta flow of the lucerne diet group were higher than those of the maize stalk diet group. Digesta flow in the jejunum was higher than that in other segments of the digestive tract. It could be due to the fact that viscous fibre can stabilize the digesta and prevent separation of the solid from the liquid phase, impairing the retention of the larger particles, and thereby causing the digesta flow in jejunum to be increased.
The velocity of diet passing the digestive tract is a crucial digestion parameter. Maize stalk contains more fibre than lucerne, and in this study the digesta flow rate of the maize stalk diet was higher than that of the lucerne diet. It might be due to the fact that peristalsis of the gastrointestinal tract increases as fibre content increases and thereby causing the digesta flow rate to be increased. In this study, the digesta flow rate was higher and the MRT of digesta was the longest in the gizzard and duodenum. These results illustrate that digesta need to be ground and mixed adequately in the gizzard so that it can be thoroughly digested and absorbed in the duodenum.
The results of the present study demonstrated that the digestibility of NDF, ADF and HC was the highest in the duodenum, gizzard and duodenum, and in the caecum respectively. The digestibility of crude fibre in geese is controversial. Marriott & Forbes (1970) found that the digestibility of crude fibre of Cape Barren geese fed with lucerne chaff was 0.8%. However, Hollister et al. (1984) reported that the digestibility of crude fibre was 21.4% when the geese were fed a diet containing 40% lucerne meal. It also has been reported that the goose could digest 28% cellulose and 25% hemicellulose from plants (Buchsbaum et al., 1986) . Shao (1991) found that the digestibility of hemicellulose, NDF and ADF was 41.5%, 37.4% and 21.7% respectively, while Timmler (1994) reported that fibre would be digested, depending on the composition of the diet: NDF by 21.4% to 40.9%, ADF by 5.5% to 31.7%, hemicellulose by 27.5% to 90.5% and cellulose by 10.1% to 32.0%. These studies demonstrated that geese could utilize a certain proportion of dietary crude fibre. However, these results are inconsistent probably caused of differences in breed and age of the geese, fibre sources, plant maturity, season, nutrient concentration of diets, etc.
The digestive mechanism of dietary fibre in geese is still not fully understood, especially digestive sites. It has been suggested that the caecum, where cellulase was detected, plays an important role in crude fibre digestion in geese (Chiou et al., 1994; Wang et al., 2004; Zhou, 2004) . However, opposite results were also reported. Mattocks et al. (1971) pointed out that there was no cellulase in the caecum of geese. Hallsworth & Coates (1962) also maintained that the caecum does not play an important role in crude fibre digestion in geese because the caecum of geese is smaller than in other poultry species. Shao & Han (1992) The found that the digestion of cellulose decreased after reaching the caecum of geese. However, they considered that the caecum does not play a crucial role in the digestion of crude fibre, because the digesta in the caecum is less than in the rest of the digestive tracts. Timmler (1994) also concluded that the role of the caecum in crude fibre digestion in geese needs further investigation. Interestingly, Chen (2006) detected hemicellulase and cellulase in the duodenum, jejunum, ileum and caecum, and hemicellulase activity was the highest in the duodenum. Furthermore, our laboratory recently demonstrated the occurrence of colonization of flora in the digestive tract of geese and found that the dominant flora of the duodenum were lactobacillus and bifidobacteria (Cui et al., 2008) . With the use of duodenal cannulae Shao (1991) found that 13.6% of the hemicellulose and 10.7% of the NDF were digested before the digesta reached the duodenum. Chiou et al. (1994) and Yang (1995) demonstrated that the feeding of a high fibre diet could promote the development of the gizzard and caecum. These observations suggest that the ability of geese to digest high fibre diets might be due to the combined action of the gizzard, small intestine and large intestine. It can be concluded that digestion kinetics of fibre in geese fed a lucerne diet is consistent with that of a maize stalk diet. The results also suggest that the gizzard and duodenum might play important roles in digestion of fibre in geese. However, it will require more investigations before a full explanation of the digestive mechanism in the goose would be forthcoming.
